
BYSINESS CONFIDENTIAL 

TO: R, F. Kayser 

FROM: D. L. Bailey 

DATE: August 26, 1970 

TECHNOLOGY MANAGER'S 
REPORT 
.BUSINESS DEPARTM.BNT 33 
.BUSINESS AREA 57 

SILICONES OPERATIONS 
IDGHLIGHTS 

Construction of suitable analytical equipment for monitoring the type of 
epitaxial silicon to be obtained from dischlorosilane and trichlorosilane is well 
underway. The 220 volt- 3 phase service and 5 kw induction heating unit 
have been installed, permitting testing of materials, tJuch as graphite slabs 
and silicon wafers. Reststivity measurements made with our equipment on 
wafers S1,1pplled by Motorola agree. quite well with figure~ reported by them, 

The possible effects of cross-con~mlnation during distillation of .A-l~ti, 
. A-187 or A-1100 coupling agents in the Plant High Vacuum Distillation System 
were examined. JUthouqh A•llOO reacts readily with A-166 and A:...la7, both 
at ambient and elevated temperatures. the reaction is not catalytic •. Rather, a 
one-to-one adduct appears to be fonned, followed by transesterifieat.~on •. No . 
qells or high viscosity products were obtained under a variety of conditions .• 
Therefore, only ordinary cleanup precautions need to be taken in t~ .. distillatlon 
of these 9()upllng agents. · 

Silicone fluid$ .contaliling silanlc 'hydrogen can be • equtribratetl rapidly at %' 
higher temperatures (up to 60°C) with Amberlyst 15 catalyst without siqnificanUy 
Increasing their level of contamination with sulfur dmide. The reactivitY of 
these fluids ls comparable in silylatton reactions to those prepc;m~d by sulfuric 
acid equilibration. 

A study of the effects of molecular weight and functionality has shown 
that these are significant factors in the properties of Y-7086 (Y-4828 quaternary 
orqanos111cone in ethanol) for LaMaur, Inc, The laboratory program also was 
successful in resolving several process variables encountered in making this 
product. Quite surprisinoly, the presence of dimethylamine hydrochloride in 
the prod1.1ct has a profound effect on vtscoslty-bulld of the aqueous solution. 

Since the dlol content 1n polyethers is a critical factor in preparing 
polyether intermediate$ for surfactants a reliable test method for determioing 
the amount of diol present is being developed·• Aqueous solution Viscosities 
of the resultant swfactants appear to be oJ,osely related to the diol contents 

RESEARCH .AND DEVElOPMENT DEPARTMENT 
CHEMICALS AND PlASTICS 

SISTERSVILLE, WEST VIRGINIA 

SISVIL013162 

EPA005466 



---­' ./ ..... 

SU1con~s OperatloiJ,s 
Highlights - Continued 

of the starting polyethers. This measurement is sensitive with· polyethers 
containing one to five weight percent diol. 
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The MQ resin surfactant, Y-6364, of interest in frothed vinyl foam was 
prepa~d in the Pilot Plant 5Q-gallon kettle for the first time st~ing with sUtcon 
tetrachloride.; The partial ethoxy ester of silicon tetrachloride was cohydrolyzed 
with trbnethylchlorosllane: then condensed with potassium hydroxide. The 
material meets tarQet properties and is equivalent to the Froth Density standard. 
The use of partial ester in place of tetraethyl orthosillcate shows a considerable 
saving on raw mat,eri.al cost$ • 

The first Pilot Plant prepcu-etion of Y -6426 , a po.lyether modifled .MQ 
resin surfactant,-ran smoothly. The process involved the platinum catalyzed 
addition of methyldlchlorosUane to benzyl capped APEG-350 (Y-6310), followed 
by CQbydro!ysis with trimethylchlorosilane and tetraethyl orthosUicate. The 
preparat;ion appears to meet tj!lfget properties. A·s~mple has been sent to 
Tarrytown for flammability test. 

The product quality as indicated by the producJ;ion reject rate was 2. 0% 
for July, a remarkable low recQrd number. 
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A, ].'rtchl~rgstlane pnd Relatt4 Compounds. 

Con~Stnl.ction of suitable analytical equipment for monitortng the type of 
epi~lal silicon to be obtained from dichlorosllane and trichlorosilane is well · 
underway, The 220 volt - 3 phase service and 5 ~w induction heating unit have 
finally been installed, permitting testi.rag of materials, such as graphite slabs 
and silicon wafers. Resistlvity measurements made With our equipment on wafers 
supplied by Motorola agree quJte well wlth figures reported by them. · 

. A .total of 2, 308 pounds of dichlorosllane was produced this month. . . -
After sequestering the product Wi~h iodine 1 the vapor wawn from the product 
cylinders showed 0.1 parts per billion Phosphorous and 0, OS to 0.18 parts per 
bllllon .Boron. l'he av~ge production rate of 5. 6 lb/hr was below thE) estimated -
6. 9 lb/hr due to several tlme inefficiencies which can l)e improved, Actual 
process time was 54% of the total campaign t;lme due mainly to replacement of 
gaskets and Qiaphragm:valves. It is J:>eJng determined wh~ther the dtchlorosUane 
ol" trlmetho:~Wsil8ne process is the culprit causing these failures since both are 
produc;ed in the same unit. 

B. Col&Plmq Agents. 
j • . 

The possible effects of cros~·contamination during distillation of A-186, 
· A-187 or A ... UOO coupling agents 1n the Plant High Vacu1,1m Di$tUlation System 
were examined. Although A-1100 reacts readily with A-186 and A-187, both at 
ambient and elevated temperatul'E;ls, the reaction is not catalytic f Rather,· a 
one•to-one adduct appears to be formed, followed by ttansestertfication. No 
gells Of high viscosity prod~cts ware obtained under a variety of conditions. 
Therefore, only ordlnary clean-up preC{;lutlonf:l neeq be taken in the distillation 
of these co1,1pltng agents. 

Improved •nalytical methods recently developed by the Analytical 
Group for us inclicate that A-174 (methacryloxypropyltrlmethoxysibi.ne} contains· 
a much higher ~evel of hydfoquinone (1Vl20Q ppm) than previously belleved · 
(300-500 ppm). The new procedure consists in silylatlon of hydroqutnorie wlth · 
l ,3-bis(chloromethyl)-1 I 1,3 ,3 ,-tetrameUlyldisUazane and the use of a flame 
ionizat1Qn detector. DPPD (N ,N' -diphenyl-p-pf:lenyl.:tne-diamine) concentration 
was found to be less than 10 ppm for the Klo!!s col~mn distilled A-174 and~ 
150 ppm for the molecular st.Ill distilled ma~ertal. Results obtained from VPC 
and colo.-tmetrlc methods for the OPPD determtnaUon appears to be in good 
aqreement. · 

.. 3. 

Aroohlor 1248, a chlorinated biphenyl, used as a pot chaser in the dis .. 
tlllation of B~yanoethyltriet}loxysllane (CNE) and A-llQO. is being dlsconttn~ed 
by the manufacturer because of toxlclty and environmen:tel problem$. Three 
polyethers were studied as possible replacements: Ucon SOHB260, SOBAllOO and 
Y-6044. Wtthln the llmits of VPC analysts, all are equivalent and any one shOuld ·. 
be suitable as a replacement for Arochlor 1248. Moreover, they are compatible 
with CNE 1.A-110Q and 1\rochlor 1248. After 200°C at 24 hours, followed by 
product stripping, the resulting heavies are low in vtscos1ty (""'100 cs. for SOHB 260) 
and easily handled. Samples of heavies are being supplied for compatlblUty 
testing in the waste disposal system. 
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9. Stlfcone Eesins. 

Samples from a recent Pilot Plant (K-21-1) preparation of R-860 show 
very little methyl loss ocourrtng during the hydrolysis, esterification and two· 
hour reflux steps. The bulk of the methyl loss ls taking place in the flnal 
product strlp. Enough specification R-860 was prepared in the last·campaign 
to fulfill opr current needs I however. it is evident that the reproducibility 
of the R-860 methoxy content ls poor. Initial laboratory work indicates the 
side ~eaction of methanol and HCl to give m~thyl chloride and water is much 
more critical than originally believed, . Means of controlling this unwanted 
side reaction are being: sought. 

D I Si~icone Oils r 

Physical tests and microscoptc examtnattons indicate American 
Chemet copper catalysts h~ve little or no organic coating and adhere ten­
aciously to ri~Utcon particles .. Tbls is considered of significance in the 
direct reaction of methyl chlopde with silicon and may account for the go~ 
result$ obtalned with these cata).ysts. A chemical microscopic appar~:~tus 
will be used to compare the acUvtty of ACC copper and Robertson copper with 
sUicon and metftyl chlorlde with the objective of establishing the temp~r-ature 
at which copper and sWcon apper;lr to be affected. 

Amberlyst restns continue to be of interest as equil1brat1on catalysts 

-4 

for dlmethylsUicone oil systems, ll\ .PIU'tlcular, fluldl!l containing S1H substituent~J. 
Silicone fb.tlds containing sUanic;: hydrogen can be equtlibrated rapidly at higher 
temperatures (up to 60°C) wtth Amberlyst 15 catalyst without stgplftcantly 
increasing their level of contamination with sulfur dioxide. The reactivity qf 
these fluids is comparable in sUyiation reactions to those prepared by sulfuric 
acid equilibration .. 

Further insight has been obtai:ned on thi! side reactions which occur 
during the base catalyzed depolymerlz.ation of <Umethylsilicones. For example, 
at elevated temperatures (>200°C), and in the presence of promoters I such as 
trioctylphosphine oxide, dlsproportlonatlon of dimethylsiloxane un.tts t.o tri­
methylsiloxane and methylslloxane units. and ~thyl c:leavage reactions with 
prQtolytic reactants , such as water, alcohols and amlnes, are siqn1ficantly 
increased. Rates and ceUtng temperatures for these reactions are being· 
determined. 

The feasibility of making Y-4177 (a 37% sol~ds emulsion of L-45 oil, 
350 cstk) in the Manton-Gaulin HomogenJ.zer was ·investigated, Homogenlzatlon 
preuure 1 process rate 1 8Jld number Qf passe~ (total 24 combinations) were 
varied to determine optimum process conditions. Stablllty problems were 
encoqntEtr~d In every batch. The premix was formulated as ~7'l.l better homo­
geni~tlon should be obtained by using a high-solids premix with dllution to 
37'111 solids. 
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D. Sll1cone Qtls - Contl,nued. 

.LaMaur, Inc. has a requirement for a silicone, Y-7086 (Y-4828 
quaternary organosilico~e in ethanol), to be used in their Tempra Tone product. 
They evidently require a Y-7086 that has partial water solublllty and which . 
shows a viscosity build as an aqueous solution. A limited laboratory program 
has been initiated here to provide a tuitable material. Several samples were 
made by varying the starting silicone molecular weight and functionality. 
The process consists of the preparation of the silicone SiH fluid, reaction 
with allylglycf.dyl ether, followed by amination with dimethyl amine and 
quaternizatlon with methyl chloride in ethanol solution. The first two steps 
were s~ightforward and reproducible. Several problems were encountered 
during the amination step resulting in high vlscosiij.es and gells. This was. 
resolved by ~eeping an excess amine at a\1 times tQ complete the desired 
reaction. The process is reproducible. Quatemh:ation ls completed after the 
amine step as soon as possible and no problems were encountered. Evaluation 
of the sample prepared shows that molecular weight and functlonallty are 
factors. It was also found tha~ by adding dimethylamine hydrochloride to 
double the original chloride content, a dramatic effect on the viscos!ty-butld 
is observed (6 to 50 cps). 

The first 500-gallon batch of crude hexamethyldlsUazane was prepared · 
without difficulty. Crude propertif!s were the same as the SO -gallon batches~ 
Purification C?f the crude required a doUble "distUlation to reach 98% purity. The 
cost for reachin9 85 .. 90% purity has been calcula1;ed and is signlftcantly less. 
'l'he lower purity is of intel-est to a seCQnd customer. 

E. .~UJfagtpn~s • 

The diol content in polyethers ls crttlcal for the allylatlon process 
(allyl chloride capping) in preparing polyether intermediates for surlactants 
(e.g., formation of diallyl polyether causes crossUnking With polyfunctional , 
:SiH fluids to give high viscosity or gellation). With our renewed interest 
in the allylatlon process, lt ts· imperative tbat a reliable test method Qe 
developed. By making use of an earlier flndlng (by others) that the aqueouf:i 
viscosity of the resultant su:rfactant is most sensitive to the dtallyl contc:tnt, 
we have now demonstrated the feasibility of using this technique to differenti­
ate "high" from "low" diols. For example, a s111cone-polyether CQpolymer 
from Y-4569 polyether and Y-4860 5SIH fluid gave an aqueous solution (40%) 
viscosity of 4000 cps while the diallyl (5 wt, %) spiked Y-4569 gave a copolymer 
of aqueous solution vi13cosity 184,000 cps. A systematic study of vartous 
polyethers with varlous dlollevels is underway. 

· A recent productlqn batch of L-77 organosillcone wU;h a high cloud 
point (40°C) has prQmpted a study into the factors that affect cloud point~ · 
Surprisingly, addition of 1, 2, 5 and 10 weight percent 3-ethyl heptamethyl 

- r- tris~loxa.ne to L-77 1ncrea~ed the cloud point from 12°0 to 15, 48, 44 and 40°0 
respectively. Addition of 2, 5 and 10 weight percent A-1701 LMD'M equill-
hTate pdduct of Y-6044 (MeO capped APBG-350)J tncreaeed the cloud point . 

..s 
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. E. . Surfactants (Continued) • -6 
' 

of t.-77 (12°0 cloud point) to 13, 15 and 50°0 respectively. The effect of acetal 
and diallyl on L·77 cloud polnt ts also being evaluated. 

The MQ .-esin surfactant, Y-6364, of interest in frothed vinyl fo<Jrp was 
prepered ln the PUot Plant SO·qal~n kettle for the {lrst time starting with silicon 
t~trachlortde, The pattial ethoxy ester of stllcon tetrachloride was cohydroly~ed 
with trtmethylchlorosilane; then condensed with potassium hydroxide. The 
material meets target properties and is equivalent to the Froth Density standard. 
The use of partial ester tn place of tetraethyl orthosilica.te shows a considerable 
savinq on raw material costs. 

The first Pilot Plant preparation of Y•6426. a polyether moqified MQ 
resin surfactant, ran smoothly. The process involved the platinum catalyzed 
addition of methyld1chlorosila.ne to benzyl capped APEG-350 (Y .. 6310): followed 
by cohydrolys~s with trimethylchlorosilane and tetraethyl orthoslltcate. The 
preparation appears to meet target propett1es, A sample has been sent to Tarry-
town for flammabtlity test. · · 

. L-5410 rtgld urethane surfactant which has been rejected for failing the 
premiX compatibllity test .was recovered in the Pilot Plant using the laboratory 
method of dilute actd tt'$atment followed by neutrall~ation and dehydratio~. TWQ 
40"'9allon batches were run With both yielding specification grade L ... S4l0. 
Scaleup to the 4000-oallon kettle 1n Polymers II was not sucees~ful, apparently 

· d~ to the lonqer process time normally encountered in the larger equipment. 

A 90HASSO polyether and 1ts methyl cad>amate capped derivative 
(Y-6412) were successfully prepared tn the Pilot Plant. Hydroxyl analysis by 
IR tnd1cates 94«J, qapping. The ~apping process is lengthy due to the prec~utlons 
involved in handling methyl isocyanate. The only problem occurred while stripping 
excess methyl isocyana1;e. Strong fumes from the scrubber water sump cleared 
the area of personnel. y .. 6412 samples have been sent to Tarrytown for tin 
analysis and general evaluation. 

F. Qualgy Control. 

The product quality as indicated by the production reJect rate was 2 • 0% 
for July. a remarkable low reco.rd number • 

. A new raw material specification manual has been distrib\lted. This now 
contains the inter-company purchases of materials u.sed for silicones, The 
materials purchased outside the corporation are now under review for inclusion in 
the manual. · 

The silicones producers, through the Industrial Hygiene Foundation, are 
attempting to start a proqram for environmental pollution control. The meeting was 
att:end~d tn Ptttsbur'9h, and OUJ" toxlcological data files have been reviewed to 
determine what information might be sent to tbeJ'Il. Summary information from Mellon 
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F • Qual\lY Control (Cqntlnued). 

reports have been sent to our Medical and ToxicOlogy Department for Dr. K. S. 
Lane to prepare appropriate analytical statements • 

Jn the sem.i-conductor area. the trtchlorosilane quallty has been good • 
. ~uctlon ls now achieving low carbon concentrations, some lots having less 
~han 1 ppm. The use of HClin the reactor having high carbon bearing impurltles 
was a major cause of thls quality problem in March and April • 

.. 
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